Abstract. In this paper MHD flow of Casson hybrid nanofluids are investigated with Caputo timefractional derivative. Alumina (Al) and copper (Cu) are used as nanoparticles in this study with heat, mass transfer and MHD flow over a vertical channel in a porous medium. The problem is modeled using Caputo fractional derivatives and thermophysical properties of hybrid nanoparticles. The influence of concerned parameters is investigated physically and graphically on the heat, concentration and flow. The effect of volume fraction on thermal conductivity of hybrid nanofluids is observed.
Introduction
The desired thermal efficiencies can be acquired using various techniques to improve the rate of heat transfer. A pioneer work of Maxwell [1] was to give the idea of nanoparticles to enhance the rate of heat transfer. Choi [2] used nanoparticles to increase the thermal conductivity and the rate of heat transfer. Some recent and interesting theoretical researches on nanofluids can be found in [3] [4] [5] [6] [7] [8] . Despite of practical implementations of nanofluids in industry a competitive fluid is still expected to achieve the desired thermal efficiencies. So-called "hybrid nanofluids", an upgrade type of nanofluid with higher thermal conductivity has been found by suspending diverse kinds of nanoparticles in working fluid. A limited investigation is being done on hybrid nanoparticles and a vast work is needed to be done in this area. Han et al. [9] proposed a complex type of nanoparticles, a hybrid sphere CNT particle attached to an alumina/iron oxide sphere. They found 21% enhancement in their thermal conductivity. Thermal enhancement due to dispersion of Cu 2 O and Cu/ Cu 2 O was done by Nine et al. [10] . Sarkar et al. [11] concluded in their review on hybrid nanofluids that genuine hybridization can be supportive in making higher thermal efficient hybrid nanofluids.
Fractional calculus is the fascinating topic for its applications in mathematics, fluid dynamics and applied mathematics. Pan et al. [12] investigated heat transport in nanofluids using the spatial fractional derivative with stagnation point flow. Aman et al. [13] inspected time fractional flow of Sodium Alginate-graphene based nanofluids in a channel with heat and mass transfer. Fetecau et al. [14] determined closed form solutions for the flow of two types (Ag and CuO) of fractional nanofluids over an isothermal vertical plate.
Most of the studies on hybrid nanofluids are done experimentally or some of them are numerically as mentioned in above literature survey, but rarely done with analytical solutions. Moreover, the problem on hybrid nanofluids is not studied yet for the Casson fluid fractional derivative model. Thus, the aim of the present research work is to find an analytical solution for the flow of Casson hybrid nanofluids with Sodium Alginate base fluid using the Caputo time fractional derivatives model. Here in this work, (Cu and Al 2 O 3 ) metal nanoparticles are considered because of their high thermal conductivities. 
Formulation and Solution of the Problem
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are respectively the fluid velocity in the x-direction, the temperature, the concentration, the density, the dynamic viscosity, the electrical conductivity of the base fluid, the magnetic field, the volumetric thermal and mass expansion coefficient, the gravitational acceleration, the heat capacitance of nanofluids, the thermal conductivity of nanofluid, the radiation absorption and thermal diffusion coefficient. We consider the pressure gradient, 
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with the following dimensionless boundary conditions: 
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Applying the Laplace transform to Equations (7) - (9) and using Equation (10), we obtain: 
and Sc is the Schmidt number. The solutions after inverse Laplace transform and using (A1)-(A2) from Appendix: 
Graphical Results and Discussion
A brief analytical analysis is made on the effect of MHD mixed convection hybrid Casson nanofluid inside a vertical channel in a porous medium. Solutions of temperature, concentration and velocity fields are determined. Thermophysical properties of the base fluid and nanoparticles are given in Table 1 f . Figure 1 shows the effect of the fractional parameter on the fluid temperature; the temperature of the nanofluid is a decreasing function of the fractional parameter .
α Figure 2 illustrates that the temperature is an increasing function of the volume fraction 2 f keeping constant 1 0.04 f = . Physically, increasing the amount of nanoparticles leads to enhance its thermal conductivity and temperature. Figure 3 shows the behavior of concentration of the nanofluid with the varying values of .
α Concentration of the nanofluid is decreasing with increasing fractional parameter .
α Figure 4 depicts that the velocity of nanofluid is a decreasing function of volume fraction number 2 f for constant 1 0.04 f = .
Conclusions
In this attempt, the exact solutions for Casson nanofluid with hybrid nanoparticles are obtained using the Caputo-time fractional derivates. Exact expressions of velocity, concentration and temperature are acquired using the Laplace transform method and then presented graphically for various embedded parameters. The temperature increases with increase in α and 2 f at time t 
